BEST AVAILABLE COPY, 



PCT 



OROANBATION 




(51) Intenrntkmal Pbtent Oassificatioii ^ : 
606F 17/50 


Al 


(11) Intenrnfional Publication Nmnto: WO 97y38381 
(43) Intemattonal PubDcatioD IMtt 16 October 1997 (16.10.97) 


(21) Inteniational AppHcation Number; PCr/USW05443 

(22) Idtcniattonal FUtag Date: I April 1997 (01.0497) 

(30) Priority Data: 

08/630.957 5 April 1996 (OS.04.96) US 


(81) Destenated States European patent (AT, BE, CH, DE, DK, 
n, FR, GB, C5R, IE, rr, LU. MC NL. PT. SE). 

Fobllshed 

With inunuaional search report 

Before Ute expiroHtm €f ^ ^ UmUfor amending the 

daim and to he upMOied in the emU of the recdpt of 



(71) Applicant: CADENCE DESIGN SYSTEMS, INC. [USAJS]; 
BiMldlng 5, 2655 Seely Road. MS5B2, San Jose, CA 95134 

(US). 

(72) Invcntw: BAISUCK, Alten; 465 Navano No. 220, San 

Jose. CA 95134 (US). 

(74) Agents: PANG, St^hen, Y., F. ct al.; Townsend and Townsend 
and Crew LLP., 8th floor. Two Erabaicadeio Ctenter, San 
Francisco, CA 941 1 1-3834 (US). 



amendmemt. 



(54) Title: MBm<)D AND APPARATOS TOR ENHANONO PERFORMANCE OF DESIGN VERIFICATION SYSTEMS 



(57) Abstract 

A method implemented on a computer system for enhanc- 
ing perfonnance of an Integrated circuit design verificadon sys- 
tem, the computer system having a memoiy indudtag a circuit 
design, the circuit design indudteg a base layer, a first layer, a 
second layer, a first dnived layer, and a second derived layer, the 
first derived layer d^ned to response to operation between fte 
base layer and the fine layer, die second derived layer defines 
in xesponse to an operation between the seomd layer and the 
first derived layer, mcluda the 8t^ of letrievbig the first l^cr 
from the memory (340), the first layer located wifidn the base 
layer, deriving a negative first derived layer hi response to the 
first layer (350), the negative first derived layer being a negative 
domain rtpresentatioi of the first derived layer, and verifyhig 
the clnniit design in responae to the negative first derived layer 
(360). 
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MTrrROD AND APPARATUS FOB RNHANONG PERFORMANCE OF DESIGN 

VKRTFICATION SYSTEMS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to design verification systems, 
and more specifically to integrated drcuit QQ mask verification systems. 



10 Mask laver Des im Verification 

The fabrication of integrated circuits (IC) is dependent upon tbe creation 
of a set of "masks" used during the fabrication process. Each mask in the set 
represents a different step in the fiibrication, ^ically addition or deletion of material. 
Adigitizedrq)re5entationof an iniage of a mask is commonly called a "mask layer" or 
IS siniply a "layer". Eachlayer is comprised of a set of geometric shapes r^resenting 
die desired configuration of materials such as metal, polysilicon, or substrate in a 
finished IC. F6r exan^le, layers can represent the d^osition of m^, or the etching 
away of resistive material between two layers of metal so that a "via" is opened. 

Conuneicially available software products perform tests on the layers, 
20 such as testing the veracity of a set of "design rules." with operations known as "design 
rule checks" (DRCs). One or more DRCs are applied to the geometric shapes of each 
layer, direcdy by measuring the shi^s and their relationships, or indirecdy by creating 
intermediate layers (also known as "derived layers"). Derived layers often are more 
amenable to design rule checkmg than the original layers, and can be used m the 
25 creation of subsequent derived layers. 

locally, derived layers are created using "scan line" algoridmis ixdiich 
are well known to one skilled in the art Scan Une algorithms are based upon usmg 
edges of geometric objects within a layer to determine where two layers overlap or how 
£ar apart the geometric objects are. Dependmg upon the o^ration, such as an AND or 
30 an OR, etc., die overly will have different significance to the layer derived from the 
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combination- Conventional pixel by pixel operations between layers is not typically 
performed because of the high pixel resolution typically used. For example, in a layer, 
every micron may be represented by proximately one thousand pixels, thus for eveiy 
square micron in a layer, about one million operations would have to be performed. 

S Scan luie and other algorithms reduce ttie mmiber of operations required. 

The number of geometric shapes needed to tcpicsm an image of an 
advanced IC is in the hundreds of millionSt or billions, and is cUmbtag widiadvancmg 
fabrication technology. As a result, mefliods are being created to reduce the amount of 
data processing needed for deslgnmg IC*s and for perfoiming DRC and other 

10 verification-related tasks. One such method is "hierarchical analysis", m which the 
"cells" of a design are verified individually witfam a cell context The M "flat" 
representation of the IC, however, is typically not checked during the design phase nor 
the verification phase of the IC's crcadon. 

15 ^ver Operations 

In the hierarchical DRC of a design, one important step is the 
determination and assessment of the interrelationships among cells that are referenced 
by at least one common ancestor. Such cells are called the "progeny" of that ancestor, 
for convenience. Part of the delernunation of the relationships among progeny hivolves 

20 dealhig with the overhp and abutment of sh^s m die progeny. Wteni^Qgeny 

overlap or abut (or are even "too close") then tiie shapes ui ttiem may overlap (or abut 
or be too dose) and die effects of this relationshq) must be evahiated whh respa:t to 
flse design rules bemg tested. A base hiyer (substrate) Is, bjr d^mtion, "eveiywheie" 
onthechip. It is the base material upon wUdi aU other materials are deposited m the 

2S fabrication of an IC, thus the base layer exists hi overlappmg or abuttmg progeny by 
definition. 

"Layer op«ati(His" on original layers are well-understood by those 
mvolved in IC verification using scan Ime and other processmg methods. It is also 
well-known and understood that certain operations involvhig the base layer result in 
30 Wghly complex layer representations because the base layer is "everywh For 
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example, when the con?)uter derives a 'derived layer" acconUng lo the rule "baseLayer 
AND NOT someLayer" . the result is a large polygon with "holes' hi all locations 
occupied by someLayer. If someLayer is complex, flie derived layer typically is even 
more complex. Deriving other layers from previously derived, complex layers 
5 typically results in even more complexity. This nicrease in complexhy impacts the 
user by mcreasing the amount of compute: processmg tune required for design 
verification 

Two exemplary classes of operations involved in the design-rule 
verification of IC mask sets are a logical " AND NOT' operation and a logical 
10 exchisive OR rXOR") operation. These operadons have the effect of 'siibtractmg" 
one set of shapes ftom another set of shapes. For example: layer 3 layor 1 AND 
NOT layer 2 results in layer 3 bemg equal to layer 1 widi opemngs where layer 2 is 
present. 

15 Illustration 

Figs 1 A-E Olustrate sample mask layers that are used for production of a 
MOS transistor. Fig. lA illustrates a base layer 10 of a substrate 20 that is of interest 
hi a cucuit Fig. IB illustrates a mask layer 40 diat is used to define where a gate 
oxide 50 is to be defined. Fig. IC illustrates a mask layer 70 that is used to define 

20 where self-aligning souirce and drain regions 80 are to be located. Fig. ID illustrates a 
mask layer 100 that is used to define contact pouits 110 to the MOS transte Fig. 
IE iUustrales a mask hyer 1 30 diat is used to define contacts 140 for the MOS 
transistor. In die figure, the shaded regions represmt the existence of matmai 
txdiereas the un-shaded regions represent the absence of material. In Figs. IB and IE, 

25 base layer 10 is shownmdotted imes for conqparison purposes. 

Fi$. 2 illustrates a result of a ^ical AND NOT logical operation 
between mask layers. Fig. 2 mcludes a derived mask layer 160 uidudhig an qpenmg 
170. As can be easily seen, derived mask layer 160 is derived from the logical AND 
NOT operation of base layer 10 and gate oxide SO of mask layer 40. 

30 Fig. 3 illustrates a result of a typical OR logical operation between mask 
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layers. Fig. 3 includes a derived mask layer 190 including opening 200. As can be 
easily seen, derived mask layer 190 is derived from the logical OR operation between 
derived mask layer 160 and mask layer 100. In this example, opening 200 represents 
the metal connect for the gale of the MOS transistor. 

5 

What is needed are methods and apparatus which reduce computer 
processmg time for design verification of IC designs. 

SUMMARY OF THE INVENTION 
10 The present invention provides methods and apparatus for enhancing 

performance of design verification systems. 

Accordhig to a preferred embodhnent of the present tavention a medu)d 
implemented on a computer system for enhancing performance of an integrated circuit 
design verification system includes the stq>s of retrieving a first hiyer fit>m a memory, 
15 the first layer located within a base layer, and deriving a negative derived layer in 

response to die first layer, the negative derived i^er bemg an inverse representation of 
a derived layer. The mediod also mcludes the st^ of verifymg the circuit design m 
response to the negative derived toyer. 

Accordmg to another embodmumtof the present invendcm a computer 
20 system is configured to enhance performance of an ndi^grated circuit desi^ verification 
^stem, the computer system hx^ludes a memory httludbig a cunuit design, 0» circuit 
design tnchxlmg a base layer, a first mask layer, a second mask layer, a first derived 
layer, and a second derived layer, the first doived lay^ defined m response to an 
operation between the base layer and die first mask layer and the second derived layer 
25 defmed in response to an operation between the second mask layer and the first derived 
layer, and a retriever for retrieving the first layer from the memory, the first layer 
located wiflim the base layer. The computer system also includes a deriver for derivmg 
a negative first derived layer in response to the first layer, die negative first derived 
layer bemg an mverse of the first derived layer, and a verifier for verifying the circuit 
30 design m response to the negative first derived layer. 
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BRIEF DES CRIFnON OF THE DRAWINGS 
In order to more fully understand tbe present invention, reference is 
made to the accompanying drawings. Understancfing that fliese drawings are not to be 
considered limitations in the scope of the invention, the presently preferred 
S embodhnents and the presently imderstood best mode of the invention are described 
with additional detail through use of the accompanying drawings in which: 

Figs 1 A-E ilhistrate sample mask layers that are used for production of a 
MOS transistor; 

Fig. 2 illustrates a result of a typical AND NOT logical operation 

10 between mask layers; 

Fig. 3 ilUistratBS a result of a Qrpical OR logical c^ration b^een mask 

layers; 

Fig. 4 is a block diagram of a system according to a preferred 
embodiment of the present bon^emion; 
15 Tig. 5 iOustiates a flow diagram of the preferred embodunent of tte 

present invention; 

Fig. 6 iUustrates an example of the method disclosed in Fig. S; 
Figs. 7a-c illustrate the coi^t of complexity as appli^ to a mask layer 
algorithm based upon trapezoidal sbspcs; and 
20 Fig. 8 illustrates a further example of tte present invention. 

DETAILED DESCRIFnON 

System Cmfifliration 

1%. 4 is a blod: diagram of a system 22Q according to a pteferxed 

25 embodiment of the present invention. System 220 inchides, preferably, a di^lay 
monitor 230, a computer 240, a keyboard 250, a moose 260, and a modem 270. 
Ck>mpmer 240 inchides familiar computer con^onents sudi as a processor 280, 
memory storage devices such as a random access memory (RAM) 290 and a disk drive 
300, and a system bus 310, mterconnectmg die above components. Mouse 260 is but 

30 one example of a graphical mput device; a trackball is another example. Modem 270 
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is but one example of a device enabling system 22G to be coupled to a network; a 
network interfoce card is anotha exanq>le. RAM 290 and disk drive 300 are 
examples of computer-readable memory (tangible media) fbr storage of the herein 
described computer code and computer programs; other types of computer-readable 

5 media include floppy disks, removable hard disks, optical storage media such as CD- 
ROMS and bar codes, and semiconductor memories such as flash memory and read- 
only-memories (ROMs). 

In a prderred embodunent, system 220 uicludes an UltraSparc 
conq>uter running the Solaris opcratmg system from Sun Microsystems of Sunnyvale, 

10 Califbmia and Vampire software from Cadence Design Systems. Inc. 

Fig. 4 is rqnesentative of but one type of system fbr nnibodying the 
present invention. It will be readfly apparent to one of ordinary skiU in the art that 
many system types and hardware and software configurations including more or 
fewer compon^ are suitable fbr use in cot^unction witii the psesetA invention, such 

15 as an HP-755/125 computer from Hewlett-Packard CorporatiMi. 



r^fffrir^"" nf Preferred Embodiment 

In the preferred embodiment of the present invention a physical lay-out 
of a circuit deagn is initially resident in a menwry storage device in a computer 
20 system. A typical circuit design includes byers or images of masks that are used for 
production purposes within a particular region m a substrate. The particular region 
may or may not span an entire substrate, thus preferably the term 'base layer" wifl be 
used herein. For example, a base layer may span an enthe semioonduclor substrate 
region of a circuit design, the base layer may span only a portion of the 
25 semiconductor substrate region where a particular circuit "cdl" of interest is being 
verified, or the base layer may span portions of the semiconductor substrate regiwx 
where particular circuit "cells" of interest are being verified, etc. 

In die present example, a circuit desip including a base layer, a first 
layer, and a second layer is provided. Based upon these layers, a design verification 
30 system determines that a first derived layer should be formed by the combination of 
the base layer and a fint layer, and a second derived layer should be formed by a 
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combination of the first derived layer and a second layer. Exemplary combinations of 
the base layer and the first layer are AND NOT and XOR. 

Fig. 5 illustrates a flow diagram of the preferred embodiment of the 
present invention. In the preferred embodiment, a circuit design includes a base layer 

5 and a first layer. 

Mially the first layer having geometric shapes resident withm the base 
layer are retrieved from memory, stq) 340. Next, the computer ibm derives a 
wgadve domain representation of a derived layer, stq) 350. In the pref ened 
embodunent of the present invention, the negative domain representation, a negative 

10 derived layer, is set equal to the first layer v*en a logical ANDNOT or XOR operation 
is required b^een the base layer and a first layer. 

The negative derived layer is a "negative domain" representation of a 
derived layer. For example, where the derived layer exists the n^ve derived layer 
does not exist, and vice versa. In the prefiened embodiment of the present inventicm, 

15 the derived layer is said to reside in the "positive" domain, the negative derived layer 
resides m the ''negative" domain. 

Next, given that a negative derived layer was calculated, instead of 
conventionally only tbR derived layer, the computer verifies the circuit design in 
response to ttie negative derived layer, step 360. In other words, the circuit design is 

20 verified using the layer derived in the "negative" domauL Because certain layers in the 
negative domain are lower m complexity fban laym in the positive domain, 
calcnbtions based upon layers in the negative domain are fiister thm 
qpon the layers in the positive domain. Verification of the circuit design is thus 
enhanced. 

25 Fig. 6 iUustrates an example of the method disclosed in Fig. 5. Fig. 6 

uxrhxdes a first layer 370 indudmg portion 380, similar to Fig. IB, and a negative 
derived layer 390 including portion 400. According to the method in Fig. 5, when the 
logical combination of a base layer (not shown) ANDNOT first layer 370 is required to 
form a derived layer, the negative derived layer 390 is formed instead. Here, negative 

30 derived layer 390 is equal to first layer 370. In Fig. 5, die outline of the portion of 



PCT/US97y05443 



8 

interest is shown for convenience. 

As was illustrated in Fig. 2» derived layer 160 was derived from Oe 
logical combination of base layer 10 in Fig. lA AND NOT layer 40 in Fig. IB. 
Comparing negative derived layer 390 in Fig. 6 to derived layer 160 in Fig. 2, it can 
5 be readily seen that negative derived layer 390 is less ''complex" (as will be defined) 
than derived layer 160. Because there is less complexity, negative derived layer 390 
may be used to verify the circuit design more effidoidy than derived layer 160. 

Complexity can be defined in terms of the nomber of "edges" present in 
each layer hi light of the fact that edges aie used for scan Une algorithms, as previously 
10 mendoned. For example, negative derived laya: 390 has 4 edges (die p«jmeter of 
portion 400), and derived layer 160 has 8 ed^ (the perimeter and qiemng 170). 
Another calculation of complexity may be ihe taogth of edges m dse dmved layeis. 
For example negative derived layer 390 would have a length equal to the perimeter of 
portion 400 whereas derived layer 160 would have a length equal to the perimeter of 
15 derived layer 160 plus the perimeter of openhig 170. 

Other measures of con^l^ity are easily foreseeable based upon the 
different algorithms used. For example, one alternative to operating upon edges (using 
scan4ine algoriduns), is operatmg upon trapezoidal shapes and dividmg layers up into 
trapezoidal shapes. Uring this alternative, conqilexity is measured m terms of the 
20 number of trapezoids hi a hiyer, as ilhtstrated below. 

Figs. 7a-c illustrate the coi^t of complexity as nppUsd to a mask layer 
algoridmi based t^ontrsfiezoidal shapes. Fig. 7a illustrates trapezoids lepresentuig 
layer base layer 10 m Fig. lA. Fig. 7a mchides two trapezoids 420 and 430. Fig. 7b 
illustrates trapezoids representhig derived layer 160 m Fig. 2. Fig« 7b uichides five 
25 trapezoids 440, 450, 460, 470, and 480. Fig. 7c illustrates tnyiezoMs rq)resentmg 
negative derived layer 390 in Fig. 6. Fig. 7c includes one trapezoid 490. Comparing 
Figs. 7b and 7c, it can be seen that calculations based m the negative domain have 
approxhnately a five-fold decrease in complexity as compared to the positive domain. 
In practice, there has been significant improvement in the speed of 
30 design verification. It is beUeved that die preferred embodhnent of die present 
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invention, described herein, is attributable to the decrease in tlie con^lexiQf of die 
mask layeis used for design rule cliecking. 

Rg. 8 illustrates a further example of the present invention. Fig. 8 
illustrates a negative derived layer 510, a negative layer 520, and a negative derived 
5 layer 530. 

In the present example, negative derin^ed layer 530 is the negative 
domain representation of derived layer 190. As was ilhstrated m Fig. 3, derived layer 
190 was derived from the logical combination of derived layer 160 OR layer 100 in 
Fig. ID. Comparing native derived layer 530 in Kg. 8 to derived layer 190 in Fig. 
10 3, it can be readily seen that native derived layer 530 is also less "complex" fban 
derived layer 190 (as defined above). Because thoe is less conqilexity, nq;ative • 
second derived layer 530 may also be used to verify the cucuit design mact efiOcienfly 
than derived layer 190. . 

bFig. 8, negative derived layer 530 is formed by perfoiming 
15 calculations within the negative donudn. Negative derived layer 510, for example is 
formed &om die logical combmation of base layer 10 AND NOT 40 as was illustrated 
m Fig. 6, and negative layer 520 is the negative domam representation of layer 100 m 
Fig. ID. The logical combmation of derived layer 160 OR layer 100 is a positive 
domain representation, and the logical combination of negative derived layer 510 AND 
20 negative layer 520 is a negative domam representation. 

Thus, Fig. 8 iUustrates that perfoiming design ntie checking witi^ 
negative donudn" is advantageous often when the complexity of the negative domain 
xqnesentation is less than die conqplexi^ of the conespondhsg "normal" or "positive" 
layer or derived layer. In the pitfened onbodunait, the user does not calculate botii a 
25 positive domain representation and a negative domain representation for each operation, 
instead the domam is detemtined preferably accordmg to which domain the operands 
happen to be calculated hL 

Conventional DRC operations arc typically performed in die positive 
domain and typically avoid the negative domam. Because users do not typically tiiink 
30 in the negative domain, die conversion flx)m positive to negative domain using the 
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described methods^ is performed transparently to ttie user. Examples of this are 
described below: 

In the foUowii^ examples, A» B, and C are mask layers: 

If the DRC requires C = B ANDNOT A. and B has only been 

5 calculated in the native domain (B*), using known logical manipulation, (C in die 
negative domain) » B"*" OR A. Similarly if A has only been calculated in d» n^ative 
domain (A"*"), using known logical manipulation, C (C in die positive domain) » 6 
AND A*. Further if A and B are only calculated in the ngative domain (A* and B*), 
ttsuig known logical manipulation, C s A*^ ANDNOT B*. In the first case only C* is 

10 calculated^ as a result, subsequent layers derived ftam C are transparently manipulated 
to be derived from C*; in the last two cases C is calculated so that subsequent layers 
derived from C are unaffected. 

If the DRC requires C » B OR A, and B has only been cakulated in the 
negative domain (B*^), using known logical manipulation, (C m the negative 

15 domain) = B* ANDNOT A, Similarly if A has only been calcuhitcd in the negative 
domain (A*), using known logical manipulation, C* (C in the negative domain) « A* 
ANDNOT B. Further if A and B are only calculated in the negative domain (A"*" and 
B^, using known logical manipulation, C s A* AND B^ In all three cases only 
is calculated, as a result, layers d^ved from C are transpavenlly manipulated to be 

20 derived from 

IftheDRCreqdxesC » B AND A,andBbasonlybeencateulatedin 
the negative domain (B*) , using known logical manqmlation, C (C in die positive 
dQmahi)=» A ANDNOT B* Similarly if A has only been calculated in the negative 
domain (A'*'), ushig known logical mampulation, C (C m the positive donuun) = B 

25 ANDNOT A*. Further if A and B are only calculated in the ncgatWe domam (A* ^ 
B*), usmg known logical manipulation, C = A* OR B*, In tiie first two cases C is 
calculated so that subsequent layers derived from C are unaffected; m the last wse only 
C* is odculated, as a result subsequent layers derived from C are transparently 
manipulated to be derived from C*. 

30 If fhe DRC requires C » B XOR A, and B has only been calculated m 



u 

tbe negative domam (B*), using known logical manipulation, C* (C in the negative 
domain) « (A ANDNOT B*) OR (B* ANDNOT A). Similarly if A has only been 
calculated in the negative domain (A*), using known logical manqnilation, C* (C in the 
negative domain) = (A* ANDNOT B) OR (B ANDNOT A*). Further if A and B are 
5 only calculated in the negative domain (A* and B*)i using known logical manipulation, 
C* (C in the negative domain) =» (A* ANDNOT B*) OR (B* ANDNOT A*). In aU 
three cases only C* is cateulated, as a result, subsequent layos dmved from C are 
transparently manqailated to be derived firom C*. 

10 Coittlusion 

In die fbiegoiog Specification, the invention has been described widi 
reference to specific exranplaty embocUments diereof . Maiqr dianges or modifications 
are readily envisioned. For exanq)Ie, not only boolean (logical) q)erations lend 
themselves to ttiis technique. Otho: opoations such as a first layers "insideness" wifli 

IS respect to a second layer can be performed m the negative domain by testing die 
"outsideness" of die first layer wifli respect to die "negative" of d» second Isya; as 
well as testing fior "abutment" 

The qiedficatiott and drawings are, accoidin^y, to be regarded in an 
iUustiative tathor flian m a restrictive sense. It will, however, be evident diat various 

20 modificatiDDS and chaqges may be node themmto widmut depattmg fiom the broader 
sphit and sccqie of die uivention as stt fordi hi the dauns. 
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What is claimed: 

1 1. A method inii^lemeiited on a conpiter syst^ 

2 perfonnance of an integiated circuit design verification system, tbe computer system 

3 having a memory includmg a circuit design, the circuit design including a base layer, a 

4 first layer, a second layer, a first derived layer, and a second derived layer, tbe first 

5 derived layer defined in response to an operation between the base iayor and the first 

6 layer, tbe second derived layer defined in rehouse to an operation betwem die second 

7 layer and the first derived layer, die mediod conq^iiQ die stqps of: 



g retrieving the first layer from the memoty, the first layer located widun 

9 the base layer; 

10 deriving a negative first derived layer ia response to file first layer, the 

11 negative first derived layer being a negative domain representation of the first derived 

12 layer; and 

13 verifying the circuit design in req[)onse to die negative first derived 

14 layer. 

1 2. Them^dof claim It fiirdierconpjsfaig tbe steps of: 

2 retrievbg tbe second layer firom the memory • the second layar located 

3 widiin die base layer; 

4 deriving die second derived layer hi response to die i^gadve first derived 

5 layer and die second layer, and 

6 verifying die curuit design in response to die second derived layer. 

1 3. The mediod of claim 1 , furdier comprising the steps of: 

2 retrieving the second layer fit>m die memory, die second layer located 

3 within die base layer; 

4 derivmg the negative second derived layer in response to the negative 

5 first derived layer and die second layer, and 

6 verifyiitg the circuit design in response to die negative second derived 

7 layer. 
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1 4. The method of claim 1, wheieh the dicuit design also includes a 

2 plurality of derived layers defined in response to the first derived layer, the method 

3 further comprisii^ the step of: 

4 deriving the plurali^ of d^ved layers in response to the negative first 

5 derived layer, when a complexity of the first derived layer exceeds a complexity of the 

6 negative first derived layer; and 

7 verifying the circuit design in response to the phuali^ of derived layers. 

1 5. Themetfaodof claim 4, wherein die complexity of the image of 

2 the negative first derived layer is calculated m response to a sum of edge lengths in the 

3 negative first derived layer, and 

4 wherein die complexity of the unage of the first derived layer is 

5 calculated in response to a number of edges m the first derived la^^ 

1 6. Themethodof clahn4, wherraithecmnplexityof dieimageof 

2 die negative first derived layer is calculated m response to a number of trapezoids 

3 making^up die negative furst derived layer; and 

4 wherehi the complexity of die image of die first derived layer is 

5 calculated m response to a number of trapezoids making-19 the first derived layer. 

1 7. The mediod of clahn 1, wherein die operation between die base 

2 layer and die fim layer is chosen fi»m die set: AND NOT, XOR and INSIDENESS. 

1 8. A convuta* system inchiding a con^uter program for enham 

2 performance of an integrated dxcuit design verification system, the computer system 

3 comprising: 

4 a computer-readable memory includuig: 

5 a circuit design including a base layer, a first layer and a second 

6 layer wifliin die base layer, a first derived layer, aiKi a second derived layer, die 

7 first derived layer defmed m response to a combination of the base layer and the 
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8 first layer and the second derived layer defined in response to an operation 

9 between the second layer and tiie first derived layer; 

10 code that retrieves the first layen 

11 code that derives a negative first derived layer m response to the 

12 first layer, the negative first derived layer beuig a negative domain 

13 reiHSsentation of the first derived layer; and 

14 code that verifies the circuit dedgn in r^ponse to the negative 

15 first derived layer, 

1 9. The computer system of dahn S, wherein the computer-readable 

2 memory also inchxdes: 

3 code that retrieves the second layer fonn the memory, the second layer 

4 located within the base layer; 

5 code that derives the second derived layer in response to the negative 

6 first derived layer and the second layer, and 

7 code that verifies the circuit design m response to the second derived 

8 layer. 

1 10. The computer system of clann 8, whoeinttiecomputerHfeadabl^ 

2 memory also bchides: 

3 code that retrieve the secoid layer from the monory, the second layer 

4 located widun the base layer; 

5 code that derives fh& negative second derived layer m response to the 

6 negative first derived layer and the second layer, and 

7 code that verifies the circuit design m response to the negative second 

8 derived layer. 

1 11, The computer system of clsdm 8, wherein the circuit design also 

2 tachides a ptarality of derived layers defined in response to the first derived layer; and 

3 wherein the con^uter-readable mmiory also includes: 
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4 code that derives the plurality of derived layers in response to the 

5 negative first derived layer, when a complexity of the first derived layer exceeds 

6 a complexity of the negative first derived layer; and 

7 code that verifies the ciicuic design in lesponse to the plurality of 

8 derived layers. 

1 12. The computer system of claim 9 wherein the code that determines 

2 a complexity inchides: 

3 code that calculates a number of edges in the negative first d^ed layer, 

4 and 

5 code that calculates a number of edges in die first derived layor* 

1 13. The computer system of claim 9 wherein the code that determines 

2 the complexities inchides: 

3 code that calculates a number of trapezoids that make-up the negative 

4 first derived layer, and 

5 code that calculates a number of tr^zoids that make-up die first derived 

6 layer. 

1 14. Themelhodof clahn 8, wherein the operation bm^een the base 

2 layer and the first layer is chosen fiom the set: AND NOT, XOR, and INSIDENESS. 

1 15. A computer system configured to enhance performance of an 

2 integrated circuit design verification system, the' computer system comprismg: 

3 a memory includmg a circuit design* the circuit design bicludfaig a base 

4 layer, a first mask layer, a second mask layer, a first derived layer, and a second 

5 derived layer, the first derived layer defined in response to an operation between the 

6 base layer and the first mask layer and the second derived layer defined in response to 

7 an operation between the second mask layer and the first derived layer; 

8 a rttriever for letrievmg the first layer fiom die memory, the first layer 
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9 located witibdn the base layer; 

10 a deriver for deriving a n^ative first doived layer in response to die 

11 first layer, die negative first derived layer being a negative domain rqsresentation of 

12 the first derived layer; and 

13 a verifier for verifying tbe circuit design in response to die negative first 

14 derived layer. 

1 16. The conqiuter system of claim IS, furtter cominising: 

2 a retriever for retrieving the second layer from the memory, the second 

3 layer located within the base layer; 

4 a deriver for deriving the second derived layer in response to die 

5 negative first derived layer and the second layer aid 

6 a verifier for verifying the cucuit design in response to the second 

7 dmved layer. 

1 17. The comi^ ^strai of claim IS, fimher conprismg: 

2 a retriever for retrieving the second layer fiom the memory, the second 

3 layer located wiihm die base layer; 

4 a deriver for derivuig a negative second derived layer in response to the 

5 negative first derived layer and die second layer and 

6 a verifier for verifymg die circuit design m re^onse to die negative 

7 second derived layer. 

1 18. The conq)uter system of claim IS, wherein die circuit design also 

2 unlades a phiraliiy of derived layers defined in refuse to die first derived layer, die 

3 computer system fiuther comprising: 

4 a deriver for deriving the pitirality of derived layers m response to the 

5 negative first derived lay er, when a coaq>lexity of die first doived layer exceeds a 

6 complexity of die negative first derived layer, and 

7 a verifier for verifymg die ckcuit design in response to die pluralify of 
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8 derived layers. 

1 19. The computer system of claim 16, wherein Oie computer system 

2 further comprises: 

3 a calculator for calculating a sum of edge Iragtfas in the negative first 

4 dmved layer; and 

5 a calculator for calculating a sum of edge lengths in the first derived 

6 layer. 

1 20, The conqniter systan of claim 16, wherein the computer system 

2 fiirfher comprises: 

3 a calculator for calculating a number of tn^zoids makmg-i^ the 

4 negative first derived layer; and 

5 a calculator for calculating a number of trapezoids maldng-up the first 

6 derived layer. 

1 2L The computer system of claim 15, wherein the operation between 

2 the base layer and the first layer is chosen firom the srt: AND NOT, XOR, and 

3 INSIDENES5. 

1 22. A chcuit based i^>on a circuit design v^ified ui accordance to the 

2 method claimed in claim 1. 



1 23. An apparatus having a circuit based upon a circuit design verified 

2 in accordance to the method claimed in claim L 
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